Objectives: Carpal tunnel syndrome (CTS) is the most common nerve entrapment syndrome, which since the beginning of the seventies has been linked to the keyboard and visual display unit (VDU). The objective of this study was to investigate the prevalence and personal factors associated with CTS in female VDU workers in Italy. Material and Methods: Participants in this study were female adult subjects, working ≥ 20 h/week (N = 631, mean age 38.14±7.81 years, mean working age 12.9±7.24 years). Signs and symptoms were collected during compulsory occupational medical surveillance. The binary logistic regression was used to estimate adjusted odds ratios for the factors of interest. Results: Diagnosis of CTS was reported in 48 cases (7.6%, 11 of them or 1.7% after a surgical correction) for the incidence of 5.94/1000 person-years. In general, signs and symptoms of CTS were associated with the following demographic factors: previous trauma of upper limb (adjusted odds ratio (OR a ) = 8.093, 95% confidence interval (CI): 2.347-27.904), history (> 5 years) of oral contraceptives therapy/hormone replacement therapy (OR a = 3.77, 95% CI: 1.701-8.354) and cervical spine signs/symptoms (OR a = 4.565, 95% CI: 2.281-9.136). Conclusions: The prevalence of CTS was similar to the estimates for the general population of Italy. Among personal risk factors, hormone therapy, previous trauma of the upper limb and signs/symptoms of the cervical spine appeared to be associated with a higher risk of CTS syndrome. Eventually, the results reinforce interpretation of CTS in VDU workers as a work-related musculoskeletal disorder rather than a classical occupational disease. Int J Occup Med Environ Health 2016;29(6):927-936
INTRODUCTION
Carpal tunnel syndrome (CTS) is a symptomatic compression neuropathy of the median nerve at the level of the wrist, physiologically characterized by increased pressure within the carpal tunnel and a decreased function of the nerve at that level [1, 2] . With the prevalence estimated between 7% and 18% of the adult population [3] , CTS is the most common entrapment neuropathy of the cases is over-reported. Conversely, several studies have attempted a more accurate case definition by drawing CTS cases form surgical or institutional (e.g., Occupational Health Insurance) registries [15, 22, 23] . Unfortunately, as the patients frequently fear that the surgical treatment may result in a reduced or even abolished fitness to work, in most cases CTS is surgically treated only in its later stages and/or only in more severe cases. For similar reasons, CTS is also irregularly reported even in the countries where workers only need to demonstrate that they are suffering from a specific disease listed among presumptively work-associated diseases, that they have incurred the causal exposure or work tasks or that they have done jobs specified by this specific list in order to get a specific compensation (i.e., Italy, Belgium and France) [24] . In both cases, figures drawn from registries, even if more accurate in terms of the case definition, may be severely affected by underreporting. Finally, studies on CTS in occupational medicine and, in particular, in VDU workers often lack an accurate evaluation of personal medical history. As CTS is a very frequent condition in adult females [3] [4] [5] , for both anatomical and physiological reasons [1] [2] [3] [4] [5] , with a very large array of well-established occupational and non-occupational risk factors [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] , it should be interpreted as a "work related musculoskeletal disorder," i.e., an impairment of body structures associated with, rather than simply caused by, cumulative exposure to work and working environment over a long period of time [25] . In other words, not only occupational but also personal history influence in probabilistic terms natural history of CTS, both inducing and anticipating its clinical presentation [1, 2, 16] . As CTS has become one of the most frequent causes of work compensation, both in Europe and in the United States, and due to the large and still increasing number of people working with computers, also a feeble excess of risk means that a high number of workers may then experience upper extremities [4, 5] . Occupational (i.e., repetitive and forceful work such as gripping, vibrations) and non-occupational risk factors (i.e., female sex, age, obesity, diabetes, gynaecological surgery, menstrual problems/disorders and exercise levels) have been associated with CTS, suggesting a multifactorial aetiology [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . The controversial association between CTS and visual display unit (VDU) use, suggested since the seventies of the last century, still remains an unsolved issue [16, 17] . Recent reviews suggest weak or even insufficient evidence for a casual relationship between computer work and CTS [18] [19] [20] , but these results may be undermined for several reasons. First, research studies comparing computer workers with the general population or several occupational groups usually do not adjust their estimates for occupational risks in the control groups [16] . In other words, VDU workers may be compared with subjects previously or even still exposed to other occupational risk factors. Moreover, computers and information technology (IT) devices, such as smartphones and tablets, are extensively used during free and rest time for personal and leisure activities. Hence, a rigorous assessment of the exposure to VDU is even more arduous [16] . Second, until recently the definition of the exposure to VDU was difficult and erratic, as the use of computers and computer devices (i.e., mouse and keyboard) may be very heterogeneous and even a cut-off, based on the time spent at the VDU, has been irregularly applied [16] [17] [18] [19] [20] . Third, symptoms that are usually associated with CTS, such as numbness, tingling, burning or pain at the first digit and at wrist, are very common in the general population [1] [2] [3] [4] [5] . Also physical tests (such as Phalen's, reverse Phalen's, Tinel's and carpal compression test), even when combined, do not guarantee a reliable diagnosis without ultrasound and/or nervous conduction studies [1] [2] [3] 21] : a large number of epidemiological studies on CTS in VDU workers are based on self-referred symptoms and the risk of CTS cumulative use) and hormone replacement therapy (HRT); the latter variables were considered together for the purposes of the present analysis. Regular physical activity was defined following the World Health Organization (WHO) recommendation for 18-64 year-olds [28] . All the patients received a full medical assessment in order to obtain a complete musculoskeletal evaluation. Discomfort in the neck with or without radiation into the upper limb for at least 1 day during the preceding 12 months and/ or the presence of pain elicited by palpation of paravertebral muscles/spinal apophyses, and/or pain at active/passive mobilization of the neck identified the patients as positive at cervical spine clinical evaluation [29, 30] . The patients reporting symptoms such as numbness, tingling, burning or pain in at least 1 of the 1st, 2nd or 3rd digit, palm or wrist pain and having a positive Phalen's test and/or positive reverse Phalen's test, and/or a positive Tinel's test, and/or positive carpal compression test, were considered clinically as potential cases of CTS and further evaluations with ultrasonography and/or nerve conduction study were performed [1, 2] . Only patients where ultrasonography and/or nerve conduction defined a diagnosis of CTS were included in the study as cases.
Statistical analysis
Continuous variables were compared using the t-test, whereas the Chi 2 test was applied to compare categorical variables. A univariate analysis was used to calculate the odds ratios (OR) and the 95% confidence intervals (CI).
A binary logistic regression model was then applied in order to calculate the correspondent adjusted odds ratios (OR a ). The model included age and working age, and only variables statistically associated with CTS diagnosis in the univariate analysis. All the statistical analyses were performed using SPSS version 22.0 (IBM Corp. released 2013, IBM SPSS Statistics for Macintosh, IBM Corp., USA).
and denounce VDU-related CTS, with both personal and financial implications [26] . Therefore, the objective of this study was to investigate epidemiology of CTS in a well-defined study population of VDU female workers, and to assess whether personal risk factors may be associated with CTS diagnosis.
MATERIAL AND METHODS

Study population
The subjects were recruited from 4 companies, including public and private enterprises, as a part of a larger musculoskeletal survey performed during compulsory medical surveillance (Italian Legislative Decree No. 81 of April 9th 2008 [27] ).
All the participants were female clerical workers performing data entry for at least 20 h/week during the previous 5 years. The study included only the subjects having a working history longer than 5 years, without any previous exposure to tasks requiring weight lifting, repetitive movements of the upper limb(s) or vibrations (either whole body and upper limb), with a personal history negative for either reactive or autoimmune arthritis.
Of the 1272 persons employed within the 4 organizations, 931 (73.2%) fulfilled the inclusion criteria and, eventually, 631 (49.6%) participated in the study and signed an informed consent.
Clinical assessment
A structured questionnaire was administered to all the studied workers in order to standardize data collection about demographic characteristics, work condition, pain condition and medical history. Among clinical data, history of previous traumas (i.e., either penetrating or closed injuries associated with at least 10 days of restricted/impaired movements of the arm) or surgical procedures of the upper limb were accurately collected. Data about drug consumption were also recalled, with particular attention to beta blockers and oral contraceptive therapy (OCT) (at least 5 years of 
Ethics
The study was performed as part of the compulsory health assessment in the workplace (Italian Legislative Decree No. 81 of April 9th 2008 [27] ): all the procedures were performed only in order to fully assess clinical status and fitness to work of the workers, and had to be performed regardless of the conduction of the study. Therefore, no preliminary evaluation by the Ethical Committee was reputed necessary. However, as clinical and personal data had to be collected and elaborated, all the participants gave their written consent, and the subjects who refused to give their consent were excluded from the study.
RESULTS
A CTS positive status was identified in 48 cases (7.6%), for the estimated incidence of 5.94/1000 person-years. In 11 of them (1.7%) a surgical correction was previously performed. Main demographic characteristics of the cases and controls are shown in as a limitation of the study: no quantitative evaluation of VDU and computer devices was actually provided, and despite all the subjects performed the same tasks (i.e., data entry), the population remains heterogeneous in terms of repetitive hand activity and non-neutral wrist postures. A more accurate evaluation of the exposure may be performed in the future -the authors thought about recording effective computer activity, in particular keyboard strokes and mouse movements [32] . Unfortunately, all these elements may be interpreted controversially, and also data collection may be interpreted as not compliant with labour regulations regarding privacy and monitoring of the workers (e.g., the current Italian Labour Law, Law No. 300 of May 20th 1970) [33] . Third, the subjects with a personal occupational history including exposure to occupational risk factors, such as: vibrations (either arm or whole-body), vibrating tools, weight lifting, repetitive and forceful movements, were excluded from the study. Therefore, the associated with the cut-off inclusion criterion, i.e., at least 5 years of previous working history as a VDU worker, should rule out occupational risk factors not related to the computer use in the pathogenesis of CTS. Finally, as CTS is listed among presumptively work associated diseases and Italian law enforces an early identification of such disorders, in all the cases where clinical symptoms were associated with suggestive results of the physical examination, medical surveillance was complemented by diagnostic tests (performed at employers' expenses) that guarantee a more accurate diagnosis of the disorder. In our population, CTS prevalence was 7.6%, with the incidence of 5.94/1000 person-year -this incidence is quite similar to that reported in the general population of Siena during the decade 1991-1998 [34] -a study which, similarly to our study, based CTS diagnosis on nerve conduction studies. Among the studies performed in occupational settings, our figures are similar to those reported 
DISCUSSION
The causal relationship between the CTS development and computer-related tasks has been disputed for several decades [16, 17] . The use of mouse and keyboards requires a repetitive hand activity and non-neutral wrist postures, and both conditions have been identified as risk factors for CTS, but no decisive evidence has been still established [16, 17, 31] . In the last 30 years, CTS epidemiology in VDU workers has been repetitively described and even very large cohorts have been reported [16] [17] [18] [19] [20] . Unfortunately, several studies incorporated in the more recent and evidence based reviews have been largely criticised [16] .
In this cross-sectional study, despite a relatively small sample size, selection criteria of the study population and the specific definition of CTS cases attempted to overcome some limitations of the previous studies. First, the study population encompassed only the female sex subjects avoiding potential bias associated with the reduced incidence of CTS in males [1, 2, 16] . Second, only the subjects working with VDU for at least 20 h/week were included. space can lead to carpal tunnel syndrome, these findings hint for a more accurate recall of previous personal history in CTS patients. Similarly, our report identified a very high prevalence of neck involvement in the CTS patients (OR a = 4.565, 95% CI: 2.281-9.136). In fact, there is some evidence suggesting a diffuse involvement of the cervical spine in at least some patients with CTS [43, 44] , but there is no concluding evidence whether cervical complaints are a consequence or causative factor of CTS.
CONCLUSIONS
In our study, encompassing 631 females working with VDU and performing data entry activities, both prevalence and incidence of CTS were roughly similar to those from the previous reports on the general population of Italy, simultaneously supporting a limited effect of computer work on the natural history of CTS. Also personal risk factors such as OCT/HRT and previous history of traumas at the upper limb were associated with an increased risk for CTS. As the CTS patients also exhibited a high risk for cervical spine complaints, our results suggest that personal risk factors rather than occupational exposures may be involved in the CTS pathogenesis. The latter point is of particular interest, and future research will point out whether cervical involvement in CTS is a consequence or rather a causative factor of CTS and related symptoms. In summary, these results reinforce the interpretation of CTS as a work related musculoskeletal disorders rather than as a "classical" occupational disease, at least in the subjects whose occupational exposures are associated with VDU use in the workplace.
by Stevens et al. in 2002 [35] , slightly higher than those reported by Andersen et al. in their larger, 1-year follow-up study (1.4-4.8%) based on a screening questionnaire and a clinical interview [36] , and similar to those reported by Eleftheriou et al. in 461 Greek employees from a governmental data entry and processing unit [32] , with a broader case definition.
As expected, the CTS cases were older and reported a longer working history than the non-CTS cases [15, [36] [37] [38] .
Obviously the 2 variables are not truly independent and, as older age groups are strongly associated with an increased risk for CTS diagnosis, a cautionary interpretation is necessary. Interestingly enough, conditions frequently reported in CTS, such as: overweight and obesity, but also previous pregnancies and metabolic diseases (i.e., diabetes and hypothyroidism), in our study were not associated with a higher risk of CTS, even in the univariate analysis.
On the other hand, history of OCT/HRT and beta blockers use was reported more frequently by the CTS cases than the negative cases, and the multivariate analysis confirmed an increased risk of CTS in OCT/HRT users (OR a = 3.77, 95% CI: 1.701-8.354). This association was consistent with previous evidence, as any factor influencing hormonal status, either exogenous (including oral contraceptives and hormone replacement therapy) or endogenous (i.e., menstrual problems such as amenorrhea, heavy periods, dysmenorrhea, but also menopause) was previously identified as a risk factor for CTS [14, 39] . A previous or coexisting diagnosis of musculoskeletal disorders has been frequently reported in CTS patients [31, 40] , but the appearance of CTS after the upper limb trauma and/or upper limb surgery has been rarely evaluated and usually interpreted as a rare issue [15, 41, 42] . In general, the studies on CTS and trauma have focused on short term complications of trauma involving a pressure increase in the carpal tunnel [42] . As anything that irritates or compresses the median nerve in the carpal tunnel 
